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1$\partial_{t}^{2}u-\triangle u=0$ 3




$u$ $D$ $t=0$ $t=T$ $D$
Rakesh [40, 41]
Majda [36, 37]
‘Also, it is obvious that more general incoming functions such












[11] sound-soft obstacle [10]













$suppf\cap\overline{D}=\emptyset$ $f\in L^{2}(R^{3})$ $u=u_{f}(x, t)$
$\partial_{t}^{2}u-\triangle u=0$ $in$ $(R^{3}\backslash \overline{D})\cross]0,$ $T[,$
$\frac{\partial u}{\partial\nu}-\gamma u_{t}-\beta u=0$ $on$ $\partial D\cross]0,$ $T[,$
$u(x, 0)=0$ in $R^{3}\backslash \overline{D},$
$\partial_{t}u(x, 0)=f(x)$ in $R^{3}\backslash \overline{D}.$
$\gamma=\gamma(x)$ $\beta=\beta(x),$ $x\in\partial D$ $L^{\infty}(\partial D)$ $\gamma(x)\geq 0a.$ $e.$ $x\in\partial D$
$E(t)= \int_{R^{3}\backslash \overline{D}}(|\partial_{t}u|^{2}+|\nabla u|^{2})dx+\int_{\partial D}\beta(x)|u|^{2}dS$
$E’(t)=-2 \int_{R^{3}\backslash \overline{D}}\gamma(x)|\partial_{t}u|^{2}dS$
$\gamma(x)\geq 0$ a.e. $x\in\partial D$ $E(t)$
$\beta$
$u$ ([5]).





$p$ $p\in R^{3}\backslash$ $B$ $\eta$ $0< \eta<d_{\partial D}(p)\equiv\inf_{y\in\partial D}|p-y|$
$f$ Dirac delta $\delta(x-p)$
‘ ’ $L^{2}(R^{3})$
$B$ $t=0$ $t=T$ $u_{f}(x, T),$ $(x, t)\in B\cross]O,$ $T[$
($p$ ) ( monostatic data)
1. $D,$ $\gamma$ $\beta$ $D$









$\bullet$ $C$ (Al) (A2)
(Al) $\gamma(x)\leq 1-C$ a.e. $x\in\partial D.$
(A2) $\gamma(x)\geq 1+C$ a.e. $x\in\partial D.$
$\gamma=1$ $\beta=0$
‘ ’, $\gamma=1$ ([25]).
$D$ $x_{3}<0$ $\gamma$ $\beta=0$ ‘ ’
$d=(d_{1}, d_{2}, d_{3})\in S^{2}$ 1 :
$u_{i}(x, t)=e^{ikx\cdot d}e^{-ikt}.$
$\partial_{t}^{2}u-\triangle u=0$ $R^{3}\cross R$ $\partial D$ $\partial_{t}u-\gamma\partial_{t}u=0$
$u_{i}$ $u_{r}$
$u_{r}(x, t)=Re^{ikx\cdot d’}e^{-ikt}$
$R$ $\nu=(0,0,1)$ $d’\in S^{2}$















$w(x)=w_{f}(x, \tau)=\int_{0}^{T}e^{-\tau t}u_{f}(x, t)dt, x\in R^{3}\backslash\overline{D}, \tau>0$ (2.1)
[17]
$f$ Helmholtz 1
$v=v_{f}(\cdot, \tau)\in H^{1}(R^{3})$ :
$(\triangle-\tau^{2})v+f=0$ $in$ $R^{3}$ . (2.2)











1 the modified Heknholtz equation
5
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(2.4) $(A1)$ $+$ $(A2)$ –
$(A1),$ $(A2)$








$(\triangle-\tau^{2})w+f=e^{-\tau T}(u_{t}(x, T)+\tau u(x, T))$ in $R^{3}\backslash \overline{D},$







dist $(D, B)=d_{\partial D}(p)-\eta$ (2.5)
$B$ $p$ $\partial D$ $p$ (2.5)








$\Lambda_{\partial D}(p)=\{y\in\partial D|d_{\partial D}(p)=|y-p|\}.$
$B$
2 Dirichlet
$p$ $d_{\partial D}(p)$ $p$
$U$
$\Lambda_{\partial D}(p)$ $q\in\Lambda_{\partial D}(p)$
$v_{q}=(p-q)/|q-p|$ $\partial D$ $q$
$q$
$\partial D$ $\partial D$
$q$
‘ ’
$0<s<d_{\partial D}(p)/2$ $s$ $\omega\in S^{2}$ $p$ $\omega$ $s$
$p+s\omega$ $\eta/2$ $B_{\eta/2}(p+s\omega)$ $\overline{B}_{\eta/2}(p+s\omega)\subset B_{d_{\partial D}(p)}(p)$
$\overline{B}_{\eta/2}(p+s\omega)$ $R^{3}\backslash \overline{D}$
$d_{\partial D}(p)$ $p$ $\omega$ $d_{\partial D}(p)$
$\partial D$
$p+s\omega$
2.1([26]). $p+d_{\partial D}(p)\omega\in\partial D$ $d_{\partial D}(p+s\omega)=d_{\partial D}(p)-s$ . $p+d_{\partial D}(p)\omega\in$
$\partial D$ $d_{\partial D}(p+s\omega)>d_{\partial D}(p)-s.$
$\Lambda_{\partial D}(p)$
$\Lambda_{\partial D}(p)=\{p+d_{\partial D}(p)\omega|d_{\partial D}(p+s\omega)=d_{\partial D}(p)-s, \omega\in S^{2}\}$ (2.7)
$d_{\partial D}(p+s\omega)$
$f=\chi_{B_{\eta/2}(p+s\omega)}$ (2.5)
$\lim_{\tauarrow\infty}\frac{1}{2\tau}\log|\int_{B_{\eta/2}(p+s\omega)}(w_{f}-v_{j})dx|=$ -dist $(D, B_{\eta/2}(p+s\omega))$ (2.8)
dist $(D, B_{\eta/2}(p+s\omega))$ dist $(D, B_{\eta/2}(p+s\omega))=d_{\partial D}(p+s\omega)-\eta/2$
$d_{\partial D}(p+s\omega)$ (2.8) $T$
$T>2dist(D, B_{\eta/2}(p+s\omega))$
2.2. $D,$ $\gamma$ $\beta$ $\gamma$ $(Al)$ 2) $d_{\partial D}(p)$
$T$
$T>2 \sup_{\omega\in S^{2}}$ dist $(\partial D, B_{\eta/2}(p+s\omega))$ (2.9)
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$0<\eta<d_{\partial D}(p),$ $s\in]0,$ $d_{\partial D}$ (p)/2[
$\omega\in S^{2}$
$f=xB_{\eta/2}(p+s\omega)$ $u_{f}$ $B_{\eta/2}(p+s\omega)\cross]0,$ $T[$
$\Lambda_{\partial D}(p)$ $\partial D$





$\Lambda_{\partial D}(p)$ $\partial D$
$q\in\Lambda_{\partial D}(p)$ $\lambda$ 2
$P_{\partial D}(\lambda;q)=\lambda^{2}-2H_{\partial D}(q)\lambda+K_{\partial D}(q)$ (2.10)
$K_{\partial D}(q)$ $H_{\partial D}(q)$ $\partial D$
$q$ Gauss
( $\nu_{q}$ )
$k_{1}(q)$ $k_{2}(q)$ $\partial D$ $q$ ( $v_{q}$ ) ([8]).
$K_{\partial D}(q)=k_{1}(q)k_{2}(q)$ $H_{\partial D}(q)=(k_{1}(q)+k_{2}(q))/2$
$P_{\partial D}(\lambda;q)=(\lambda-k_{1}(q))(\lambda-k_{2}(q))$ (2.11)
$q$
$\partial D$ $d_{\partial D}(p)=|q-p|$
$q$ ) $\leq 1/d_{\partial D}(p),$ $j=1,2$
$P_{\partial D}(1/d_{\partial D}(p);q)\geq 0$
$\tauarrow\infty$ $\Lambda_{\partial D}(p)$
$\partial D$
2.3. $\gamma(x)=\beta(x)=0a.$ $e.$ $x\in\partial D$ $\partial D$ $C^{3},$ $\Lambda_{\partial D}(p)$
$P_{\partial D}(1/d_{\partial D}(p);x)>0, \forall x\in\Lambda_{\partial D}(p)$ (2.12)
(2.3) $T$
$\lim_{\tauarrow\infty}\tau^{4}e^{2_{\mathcal{T}}}dist(\partial D,B)\int_{B}(w_{f}-v_{f})dx$










$\epsilon_{f}^{0}\in H^{1}(R^{3}\backslash \overline{D})$ :
$(\triangle-\tau^{2})\epsilon_{f}^{0}=0$ in $R^{3}\backslash \overline{D},$
$\frac{\partial\epsilon_{f}^{0}}{\partial v}=-\frac{\partial v_{f}}{\partial\nu}$ on $\partial D.$
[35] reflection argument
$\partial D$
$\epsilon_{f}^{0}$ ‘ ’ $\partial D$ $v_{f}$
[35] [26] Appendix
(2.13) $x\in\Lambda_{\partial D}(p)$ $D(1/d_{\partial D}(p);x)$
$S_{x}(S_{p}(d_{\partial D}(p)))$ $S_{x}(\partial D)$ $x$ $S_{p}(d_{\partial D}(p)),$
$\partial D$
$\nu_{x}$ Shape operator
(or Weingarten ma$P$) $x$ $S_{p}(d_{\partial D}(p))$ $\partial D$
; $S_{x}(S_{p}(d_{\partial D}(p)))=(1/d_{\partial D}(p))I;S_{x}(\partial D)$ $k_{1}(p)$ $k_{2}(p)$
$\det(S_{x}(S_{p}(d_{\partial D}(p)))-S_{x}(\partial D))=P(1/d_{\partial D}(p);x)$ (2.14)
(2.12) $S_{x}(S_{p}(d_{\partial D}(p)))-S_{x}(\partial D)$ $x$ 2
$P(1/d_{\partial D}(p);x)$ $x$ $S_{p}(d_{\partial D}(p))$
$\partial D$ ‘ ’ $p$ $\partial D$
2.4
(2.13)
$q\in\Lambda_{\partial D}(p)$ $($ $d_{\partial D}(p)=|q-p|$ $)$ , $q$
$\partial D$ Gauss ( ) $p$ $q$
2
[26] 5.1
$2.4.$ $\gamma(x)=\beta(x)=0a.e.$ $x\in\partial D$ $q\in\Lambda_{\partial D}(p)$ $0<s_{1}<$
$s_{2}<d_{\partial D}(p)/2$ $s_{1},$ $s_{2}$ $T>2 \max_{j=1,2}$ dist $(\partial D, B_{\eta/2}(p+s_{j}(q-p)/|q-p|))$
$s=s_{1},$ $s_{2}$ $f=\chi_{B_{\eta/2}(p+s(q-p)/|q-p|)}$




(2.13) $p$ $q$ $p+s(q-p)/|q-p|$
$\Lambda_{\partial D}(p+s(q-p)/|q-p|)=\{q\}$
2.1 $d_{\partial D}(p+s(q-p)/|q-p|)=d_{\partial D}(p)-s$
$d_{\partial D}(p+s(q-p)/|q-p|)<d_{\partial D}(p)$ $S_{q}(S_{p+s(q-p)/|q-p|}(d_{\partial D}(p)-s))-$
$S_{q}(S_{p}(d_{\partial D}(p)))$ $S_{q}(S_{p}(d_{\partial D}(p)))-S_{q}(\partial D)\geq 0$
$S_{q}(S_{p+s(q-p)/|q-p|}(d_{\partial D}(p)-s))-S_{q}(\partial D)$
2.3 (2.12) $p$ $p+s(q-p)/|q-p|$
(2.13)
$\lim_{\tauarrow\infty}\tau^{4}e^{2\tau dist(\partial D,B_{\eta}/2(p+s(q-p)/|q-p|))}\int_{B_{\eta/2}(p+s\nu_{q})}(w_{f}-v_{f})dx$
$= \frac{\pi}{2}(\frac{diamB_{\eta/2}(p+s(q-p)/|q-p|)}{2(d_{\partial D}(p)-\mathcal{S})})^{2}\frac{1}{\sqrt{P_{\partial D}(1/(d_{\partial D}(p)-s);q)}}$
dist $(\partial D, B_{\eta/2}(p+s(q-p)/|q-p|))$
:
$Q(s_{1})=P_{\partial D}(1/(d_{\partial D}(p)-s_{1});q)$ ,
$Q(s_{2})=P_{\partial D}(1/(d_{\partial D}(p)-s_{2});q)$ .
(2.10) $K_{\partial D}(q)$ $K_{\partial D}(q)$
$(\begin{array}{ll}-\frac{2}{d_{\partial D}(p)-s_{1}} 1-\frac{2}{d_{\partial D}(p)-s_{2}} 1\end{array})(\begin{array}{l}H_{\partial D}(q)K_{\partial D}(q)\end{array})=(\begin{array}{l}Q(s_{1})-(\frac{1}{d_{\partial D}(p)-s_{1}}I^{2}Q(s_{2})-(\frac{1}{d_{\partial D}(p)-s_{2}}I^{2}\end{array})$




$\partial D$ ‘ ’ (2 )
3 (Bistatic data)






$\partial_{t}^{2}u-\triangle u=0$ $in$ $(R^{3}\backslash \overline{D})\cross]0,$ $T[,$
$u=0$ on $\partial D\cross]O,$ $T[,$
$u(x, 0)=0$ in $R^{3}\backslash \overline{D},$
$\partial_{t}u(x, 0)=f(x)$ in $R^{3}\backslash \overline{D}.$
$f$ $B$ ’ $\cap\overline{D}=\emptyset$ $B’$
$B’$ $p’$ , $\eta’$ $p’\in R^{3}\backslash$ $\eta’<d_{\partial D}(p’)$
$p=p’$ $B=B’$
$B’$ $t=0$ $t=T$ $u_{f}(x, T),$ $(x, t)\in B’\cross]0,$ $T[$
($p$ $p’$ )Bistatic data
2. $p$ $p’$ Bistatic data $D$
.
$\beta’$
1: 2 $\overline{B}$ $\overline{B’}=\emptyset$
[27]
$\bullet$ $D$ $p$ $p’$ $E$
$\bullet$ $E\cap\partial D$
$\bullet$ $D$ $E\cap\partial D$ Gauss $p=p’$
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$B$ $B’$ $D$ $\overline{B}$ $\overline{B}’$
3.1
(2.1) $x\in R^{3}\backslash$ :
$w_{f}(x; \tau)=\int_{0}^{T}e^{-\mathcal{T}}tu_{f}(x, t)dt, \tau>0.$
$w=w_{f}$ :
$(\triangle-\tau^{2})w+\chi_{B}(x)=e^{-\tau T}(\partial_{t}u_{f}(x, T)+\tau u_{f}(x, T))$ in $R^{3}\backslash \overline{D},$





$v_{9}=v_{g}(x, \tau)$ (2.6) $B$ B’
$v_{g}(x, \tau)=\frac{1}{4\pi}\int_{B’}\frac{e^{-\tau|x-y|}}{|x-y|}dy$
:
$\phi(x;y, y’)=|y-x|+|x-y’|, (x, y, y’)\in R^{3}\cross R^{3}\cross R^{3}.$
$y$ $x$ $x$ $y’$
$B$ $B’$ $[\overline{B}\cup\overline{B’}]\cap\overline{D}=\emptyset$ $B$ $B’$ $D$
$3.1([27])$ . $B$ $B’$ $D$ $T$
$T> \min_{x\in\partial D,y\in By\in B},$
”





$\lim_{\tauarrow\eta}\frac{1}{2\tau}\log\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx=-\min_{x\in\partial D,y\in By\in B},$
”
$\phi(x;y, y’)$ (3.2)
$\min_{x\in\partial D,y\in By’\in B’},\phi(x;y, y’)=\min_{x\in\partial D}\phi(x;p,p’)-(\eta+\eta’)$
x $\in\partial D$ ,my$\in$iBn, $y’\in B’\phi(x;y, y’)$ $\min_{x\in\partial D}\phi(x;p,p’)$
(3.2) $p$ $\partial D$ $q$ $q$ $p’$
(3.2) $t=0$ $P$ 1
$\partial D$ $p’$
2 $P$ $P’$ $E_{c}(p,p’)$
:
$E_{c}(p,p’)=\{x\in R^{3}|\phi(x;p,p’)=c\}.$
$c$ $c>|p-p’|$ $\min_{x\in\partial D}\phi(x;p,p’)\geq|p-p’|$
$B$ $B’$ $D$ $p,$ $p’$
$\{p,p’\}\cap\overline{D}=\emptyset$ $\min_{x\in\partial D}\phi(x;p, p’)>|p-p’|$
$c= \min_{x\in\partial D}\phi(x;p,p’)$ $E_{c}(p,p’)$
$p$ $p’$
$D$
3 (3.2) $E=E_{c}(p,p’)$ $c= \min_{x\in\partial D}\phi(x;p,p’)$ bistatic
data
$\mu_{j}\in R,$ $C_{j}>0(j=1,2)$ $\tau_{0}>0$
$\tau\geq\tau_{0}$ $\tau$ (3.3) (3.4)
:
$e^{\tau\min_{x\in\partial D,y\in\^{o} B,y’\in\partial B’}\phi(x;y,y’)} \int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx\leq C_{1}\tau^{\mu_{1}}$ ; (3.3)




$\phi(q;p,p’)=\min_{x\in\partial D}\phi(x;p,p’)$ $q\in\partial D$ $D$
$q\in\partial\tilde{D}$ $\min_{x\in\partial D^{-}}\phi(x;p,p’)=\phi(q;p,p’)$
$\partial D$ $C^{2}$ $\tilde{u}=\tilde{u}_{f}$




$\partial_{t}^{2}\tilde{u}-\triangle\tilde{u}=0$ $in$ $(R^{3}\backslash \overline{\tilde{D}})\cross]0,$ $T[,$
$\tilde{u}(x, 0)=0$ in $R^{3}\backslash \overline{D},$
$\partial_{t}\tilde{u}(x, 0)=f(x)$ in $R^{3}\backslash \overline{\tilde{D}},$
$=0$ on $\partial\tilde{D}\cross]0,$ $T[.$
$\tilde{u}$
$\tilde{w}_{f}(x, \tau)=\int_{0}^{T}e^{-\tau T}\tilde{u}(x, t)dt, x\in R^{3}\backslash \overline{\tilde{D}}, \tau>0$
$D$ $\tilde{D}$
:
$\int_{R^{3}\backslash D}(fv_{g}-w_{f}g)dx\geq\int_{R^{3}\backslash \tilde{D}}-(fv_{g}-\tilde{w}_{f}g)dx+O(\tau^{-1}e^{-\tau T})$ .
$\int_{R^{3}\backslash \overline{D}}fv_{g}dx=\int R^{3}\backslash \tilde{D}-fv_{g}dx, \int_{R^{3}\backslash \overline{\tilde{D}}}\tilde{w}_{f}gdx=\int_{R^{3}\backslash \overline{D}}\tilde{w}_{f}gdx$
Helmholtz ([8])
$\tilde{w}_{f}-w_{f}\geq O(\tau^{-1}e^{-\tau T})$ in $R^{3}\backslash \overline{D}$
$\tilde{D}$
$\int_{R^{3}\backslash \tilde{D}}-(fv_{g}-\tilde{w}_{f}g)dx=J_{\tilde{D}}(\tau;f, g)+\int_{\partial\tilde{D}}\frac{\partial\epsilon_{f}^{\tilde{0}}}{\partial\nu}v_{g}dS+O(\tau^{-1}e^{-\tau T})$ ,
$J_{D^{-}}( \tau;f, g)=\int_{\tilde{D}}(\nabla v_{f}\cdot\nabla v_{g}+\tau^{2}v_{f}v_{g})dx$
$\epsilon_{\star}^{\tilde{0}}\in H^{1}(R^{3}\backslash \overline{\tilde{D}}),$ $\star=f,$ $g$




$\partial\tilde{D}$ $q\in\partial\tilde{D}$ ‘reflection argumen’
$\frac{\partial\epsilon_{f}^{\tilde{0}}}{\partial\nu}(q)\geq 0, \forall q\in\partial\tilde{D}$
14
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$\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx\geq J_{\tilde{D}}(\tau;f,g)+O(\tau^{-1}e^{-\tau T})$ .
$J_{D^{-}}(\tau;f, g)$ $\tauarrow\infty$











$\bullet$ $D$ $\tilde{D}$ [35] Theorem 3.6 Lemma 3,7
sound-soft obstacle
3.2 2
$B$ $B’$ $D$ bistatic data
$\min_{x\in\partial D}\phi(x;p,p’)$ $q\in\partial D$
$p$ $p’$ $[\{p,p’\}]\cap\overline{D}=\emptyset$
$\Lambda_{\partial D}(p,p’)=\{q\in\partial D|\phi(q;p,p’)=\min_{x\in\partial D}\phi(x;p,p’)\}$
$p$ p’ $c= \min_{x\in\partial D}\phi(x;p,p’)$ $c>|p-p’|$





$P’$ $\omega$ $E_{c}(p, p’)$ $p’$ $s(\omega;p,p’)$





3.1([27]). 0 $<$ s $<\eta$’ $s$
(i) $p’+s(\omega;p, p’, c)\omega$ $\partial D$
$\min_{x\in\partial D}\phi(x;p,p’+s\omega)=c-s$ ;
(ii) $p’+s(\omega;p, p’, c)\omega$ $\partial D$
$\min_{x\in\partial D}\phi(x;p,p’+s\omega)>c-s.$
$\Lambda_{\partial D}(p,p’)$






3.2([27]). $c= \min_{x\in\partial D}\phi(x;p, p’)$ $B$ $B’$ $D$





$T> \sup_{\omega\in S^{2}}\min_{x\in\partial D}\phi(x;p,p’+s\omega)-(\eta+\eta’-s)$ (3.6)
$q\in\Lambda_{\partial D}(p,p’)$
$\nu_{q}$ $f=\chi_{B}$ $B’\cross$ ] $0,$ $T[$
$u_{f}$
$\sup_{\omega\in S^{2}}\min_{x\in\partial D}\phi(x;p,p’+s\omega)-(\eta+\eta’-s)$
$= \sup_{\omega\in S^{2}}\min_{x\in\partial D,y\in B,y’\in B_{\eta’-\epsilon}(p’+s\omega)}\phi(x;y, y’)$
$B_{\eta’-s}(p’+s\omega)\subset B’$ (3.6) (3.1)
$q\equiv p’+s(\omega;p,p’, c)\omega\in\Lambda_{\partial D}(p,p’)$ $v_{q}$ $-\{(q-p)/|q-p|+\omega\}$
(Snell ).
$\Lambda_{\partial D}(p,p’)$
Step 1. $f=\chi_{B}$ $B’\cross$ ] $0,$ $T$ [ $u_{f}$ $B’$ $w_{f}$
Step 2. $0<s<\eta’$ $s$
Step 3. $\omega\in S^{2}$
Step 4. 3.1 (3.2) $g=\chi_{B_{\eta-s}(p’+s\omega)}$
$\min_{x\in\partial D,y\in B,y’\in B_{\eta-s}(p’+s\omega)}\phi(x;y, y’)$
$\lim_{\tauarrow\infty}\frac{1}{2\tau}\log\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx=-\min_{x\in\partial D,y\in B,y’\in B_{\eta’-s}(p’+s\omega)}\phi(x;y,y’)$
Step 5.
$\min_{x\in\partial D,y\in B,y’\in B_{\eta’-s}(p’+s\omega)}\phi(x;y,y’)=\min_{x\in\partial D}\phi(x,p,p’+s\omega)-(\eta+\eta’-s)$
$\min_{x\in\partial D}\phi(x;p,p’+s\omega)$
Step 6. Step 5 $\min_{x\in\^{a} D}\phi(x;p,p’)-s$ (3.5)









$c= \min_{x\in\partial D}\phi(x;p, p’)$ $q\in\Lambda_{\partial D}(p,p’)$ $\partial D,$ $E_{c}(p,p’)$
$S_{q}(\partial D),$ $S_{q}(E_{c}(p_{)}p’))$ $q$ $\partial D,$ $E_{c}(p,p’)$ $v_{q}$
Shap operator( Weingarten map) $v_{q}$ $\partial D$
$E_{ }(p,p’)$
$q$ $T_{q}(\partial D)=T_{q}(E_{c}(p,p’))$
$q$ $\phi(x;p,p’)$ $q$ 2
$S_{q}(E_{c}(p,p’))-S_{q}(\partial D)\geq 0$
2.3
$3.3([27])$ . $B$ $B’$ $D$ $T$ 1)
$\Lambda_{\partial D}(p,p’)$
$det(S_{q}(E_{c}(p,p’))-S_{q}(\partial D))>0, \forall q\in\Lambda_{\partial D}(p, p’)$ (3.7)
$D$ $\partial D$ $C^{3}$
$\lim_{\tauarrow\infty}\tau^{4}e^{\tau\min_{x\in\partial D,y\in\partial B,y’\in\partial B^{\prime\phi(x;y,y’)}}}\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx$
(3.8)
$= \frac{\pi}{2}\sum_{q\in\Lambda_{\partial D}(p,p’)}(\frac{diamB}{2|q-p|})\cdot(\frac{diamB’}{2|q-p’|})\cdot\frac{1}{\sqrt{det(S_{q}(E_{c}(p,p’))-S_{q}(\partial D))}}$
$D$ $\Lambda_{\partial D}(p,p’)$
6
(3.8) $Parrow P’$ $P’arrow P$ (reciprocity).
3.3
$\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx=2J(\tau;f, g)(1+O(\tau^{-1/2}))+O(\tau^{-1}e^{-\tau T})$ . (3.9)





Laplace ([2]) (3.7) (3.8)






$\int_{R^{3}\backslash \overline{D}}(fv_{g}-w_{f}g)dx=J(\tau;f, g)+\int_{R^{3}\backslash \overline{D}}(\nabla\epsilon_{f}^{0}\cdot\nabla\epsilon_{g}^{0}+\tau^{2}\epsilon_{f}^{0}\epsilon_{g}^{0})dx+O(\tau^{-1}e^{-\tau T})$.
$\epsilon_{\star}^{0}\in H^{1}(R^{3}\backslash \overline{D}),$ $\star=f,$ $g$
$(\triangle-\tau^{2})\epsilon_{\star}^{0}=0$ in $R^{3}\backslash \overline{D},$
$\epsilon_{\star}^{0}=-v_{\star}$ on $\partial D$
:
$\int_{R^{3}\backslash \overline{D}}(\nabla\epsilon_{f}^{0}\cdot\nabla\epsilon_{g}^{0}+\tau^{2}\epsilon_{f}^{0}\epsilon_{g}^{0})dx=J(\tau;f, g)(1+O(\tau^{-1/2}))$ . (3.10)
(3.9)
(3.10)




$J( \tau;f, g)\geq C\tau^{2}\int_{D}dx\int_{B\cross B}, e^{-\tau\phi(x;y,y’)}dydy’$
: $[\overline{B}\cup\overline{B}’]\cap\overline{D}=\emptyset$
$\inf_{(x,y,y’)\in D\cross B\cross B’}(1+\frac{y-x}{|y-x|}\cdot\frac{y’-x}{|y-x|})>0$
$B$ $B’$ $D$
Lax-Phillips [35] reflection argument
( $D$ reflection $D$ full )
3.2. $D$ $\partial D$ $C^{3}$ C’ $\tau_{0}$
$\tau\geq\tau_{0}$ $\tau$






3.3 (3.8) $\partial D$ $\Lambda_{\partial D}(p,p’)$
2.4 #
$q\in\Lambda_{\partial D}(p,p’)$ $( c=\min_{x\in\partial D}\phi(x;p, p’)$
$)$ , $q$ $\partial D$ Gauss bistatic data
3.4([27]). $q\in\Lambda_{\partial D}(p,p’)$ $c=\phi(q;p, p’)$ $T$ (3.1)
$B$ $B’$ $D$ $D$ $\partial D$
$C^{3}$
$K_{\partial D}(q)$
$H_{\partial D}(q)- \frac{S_{q}(\partial D)(A_{q}(p)\cross A_{q}(p’))\cdot(A_{q}(p)\cross A_{q}(p’))}{2(1+A_{q}(p)\cdot A_{q}(p))}$ (3.11)
$f=\chi_{B}$ $B’\cross$ ] $0,$ $T$ [ $u_{f}$
$A_{q}(x)= \frac{q-x}{|q-x|}$
(3.11) $A_{q}(p)\cross A_{q}(p’)$ $\partial D$ $q$





$\bullet$ Gauss $B$ $B’$ $D$
3.4
$B’$ $p’$ $B’$ $(q-p)/|q-p|$
2 $B’$
( 3 ), 3.3 :










$3.5([27])$ . $D$ $T$ $B$ B’ $D$
$D$ $f=\chi_{B}$ $B’\cross$ ] $0,$ $T$ [ $u_{f}$
$D$
Step 1. 3.1 $c= \min_{x\in\partial D}\phi(x;p, p’)$
Step 2. 3.2 $\Lambda_{\partial D}(p,p’)$ $q$ $\nu_{q}$
Step 3. 3.4 $K_{\partial D}(q)$







1. 3.3 $D$ $\epsilon_{f}^{0}$ $D$
2. $B$ $B’$ $D$ $[\overline{B}$ $B’]$ $\overline{D}\neq\emptyset$
3.1 2.3,3.3
$\partial u/\partial\nu-\gamma\partial_{t}u-\beta u=0$ on $\partial D(\gamma=\gamma(x)\geq 0)$ memory type
( [38]).
4. $\alpha(x)\partial_{t}^{2}u-\triangle u=0(B=B’$ 2.1









$)$ rInverse obstacle scattering with dynamical data over afinlte time interval
(2012 1 24 )
22
111
[1] Athanasiadis, C., Martin, P. $A$ . and Stratis, I. $G$ ., On spherical-wave scattering by
a spherical scatterer and related near-field inverse problems, IMA J. Appl. Math.,
66(2001), 539-549.
[2] Bleistein, N. and Handelsman, R. $A$ ., Asymptotic expansions of integrals, Dover
Publications, New York, 1986.
[3] Burkholder, R. $J$ ., Gupta, I. $J$ . and Johnson, J. $T$ ., Comparison of monostatic and
bistatic radar images, IEEE Antennas and Propagation Magazine, 45(2003), No. 3,
41-50.
[4] Cox, H., Fundamentals of bistatic active sonar, in Underwater acoustic data process-
ing, Chan Y. $T$ . (Ed.), 1989, 3-24. Kluwer Academic Publishers.
[5] Dautray, R. and Lions, J-$L$ ., Mathematical analysis and numerical methods for sci-
ences and technology, Evolution problems I, Vol. 5, Springer-Verlag, Berlin, 1992.
[6] Elschner, J. and Yamamot$0,$ $M$ ., Uniqueness in determining polyhedral sound-hard
obstacles with a single incoming wave, Inverse Problems, $24(2008),035004(7pp)$ .
[7] Georgiev, V. and Arnaoudov, Ya., Inverse scattering problem for dissipative wave
equation, Integral Equations and Inverse Problems, Pitman Research Notes in Math-
ematics Series, 235, 86-89, Longman, 1991.
[8] Gilbarg, D. and Trudinger, N. $S$ ., Elliptic partial differential equations of second
order, second.ed., Springer-Verlag, Berlin, Heidelberg, New York,Tokyo, 1983.
[9] Ikehata, M., Enclosing a polygonal cavity in a two-dimensional bounded domain from
Cauchy data, Inverse Problems, 15(1999), 1231-1241.
[10] Ikehata, M., How to draw a picture of an unknown inclusion from boundary measure-
ments. Two mathematical inversion algorithms, J. Inv. Ill-Posed Problems, 7(1999),
255-271.
[11] Ikehata, M., Reconstruction of the support function for inclusion from boundary
measurements, J. Inv. Ill-Posed Problems, 8(2000), 367-378.
[12]
2000.
[13] Ikehata, M., Complex geometrical optics solutions and inverse crack problems, In-
verse Problems, 19(2003), 1385-1405.




[15] Ikehata, M., The Herglotz wave function, the Vekua transform and the enclosure
method, Hiroshima Math. $J$ ., 35(2005), 485-506.
[16] Ikehata, M., Two sides of probe method and obstacle with impedance boundary
condition, Hokkaido Math. $J$ ., 35(2006), 659-681.
[17] Ikehata, M., Extracting discontinuity in a heat conductive body. One-space dimen-
sional case, Appl. Anal., 86(2007), no. 8, 963-1005.
[18] Ikehata, M., An inverse source problem for the heat equation and the enclosure
method, Inverse Problems, 23(2007), 183-202.
[19] Ikehata, M., Two analytical formulae of the temperature inside a body by using
partial lateral and initial data, Inverse Problems, 25(2009) 035011 (21pp).
[20] Ikehata, M., The enclosure method for inverse obstacle scattering problems with
dynamical data over a finite time interval, Inverse Problems, 26(2010) $055010(20pp)$ .
[21] Ikehata, M., $A$ note on the enclosure method for an inverse obstacle scattering prob-
lem with a single point source, Inverse Problems, 26(2010) $105006(17pp)$ .
[22] Ikehata, M., The probe and enclosure methods for inverse obstacle scattering prob-
lems. The past and present., in New Development of Functional Equations in Math-
ematical Analysis, RIMS Kokyuroku, No. 1702, 1-22, 2010.
[23] kehata, M., Inverse obstacle scattering problems with a single incident wave and the
logarithmic differential of the indicator function in the enclosure method, Inverse
Problems, 27(2011) 085006$(23pp)$ .
[24] Ikehata, M., The framework of the enclosure method with dynamical data and its
application, Inverse Problems, 27(2011) $065005(16pp)$ .
[25] Ikehata, M., The enclosure method for inverse obstacle scattering problems with
dynamical data over a finite time intreval: II. Obstacles with a dissipative bound-
ary or finite refractive index and back-scattering data, Inverse Problems, 28(2012)
045010 $(29pp)$ .
[26] Ikehata, M., An inverse acoustic scattering problem inside a cavity with dynamical
back-scattering data, Inverse Problems, 28(2012) $095016(24pp)$ .
[27] Ikehata, M., The enclosure method for inverse obstacle scattering problems with
dynamical data over a finite time interval : III. Sound-soft obstacle and bistatic
data, submitted, 2013. arXiv:1302.2389.
[28] Ikehata, M. and Itou, H., Extracting the support function of a cavity in an




[29] Ikehata, M. and Itou, H., On reconstruction of a cavity in a linearized viscoelas-
tic body from infinitely many transient boundary data, Inverse Problems, 28(2012)
$125003(19pp)$ .
[30] Ikehata, M., Niemi, E. and Siltanen, S., Inverse obstacle scattering with limited-
aperture data, Inverse Probl. Imaging, 6(2012), No. 1, 77-94.
[31] Ikehata, M. and Kawashita, M., The enclosure method for the heat equation, Inverse
Problems, 25(2009) $075005(10pp)$ .
[32] Ikehata, M. and Kawashita, M., On the reconstruction of inclusions in a heat conduc-
tive body from dynamical boundary data over a finite time interval, Inverse Problems,
26(2010) $095004(15pp)$ .
[33] Isakov, V., On uniqueness for a discontinuity surface of the speed of propagation, J.
Inv. Ill-Posed Problems, 4(1996), 33-38.
[34] Isakov, V., Inverse problems for partial differential equations (Second Edition),
Springer, New York, 2006.
[35] Lax, P. $D$ . and Phillips, R. $S$ ., The scattering of sound waves by an obstacle, Comm.
Pure and Appl. Math., 30(1977), 195-233.
[36] Majda, A., High frequency asymptotics for the scattering matrix and the inverse
problem of acoustic scattering, Comm. Pure and Appl. Math., 29(1976), 261-291.
[37] Majda, A., $A$ representation formula for the scattering operator and the inverse
problem for arbitrary bodies, Comm. Pure and Appl. Math., 30(1977), 165-194.
[38] Propst, G. and Pr\"uss, J., On wave equations with boundary dissipation of memory
type, Integral Equations Appl., 8(1996), no.1, 99-123.
[39] Petkov, V. and Stoyanov, L., Sojourn times, singularities of the scattering kemel
and inverse problems, Inside Out: Inverse Problems, MSRI Publications, 47, 2003,
297-332.
[40] Rakesh, An inverse impedance transmission problem for the wave equation, Comm.
in partial differential equations, 18(1993), 583-600.
[41] Rakesh, Some results on inverse obstacle problems for the wave equation, Algebra $i$
Analiz, 8(1996), no.2, 157-161.
[42] Sini, M. and Yoshida, K., On the reconstruction of interfaces using complex geomet-
rical optics solutions for the acoustic case, Inverse Problems, 28(2012) 055013.
[43] Zhou, T., Reconstructing electromagnetic obstacles by the enclosure method, Inverse
Probl. Imaging, 4(2010), 547-569.
25
114
